Although the main cause of gastrointestinal stromal tumor (GIST) is gain-of-function mutations in the c-kit gene in the interstitial cells of Cajal, concomitant genetic or epigenetic changes other than c-kit appear to occur in the development of metastasis. We sought to identify the genes involved in the metastatic process of gastric GIST. Microarray analysis was performed to compare gene expressions between three gastric GIST and four metastatic liver GIST. Expression levels were higher for 165 genes and lower for 146 genes in metastatic liver GIST. The upregulation of five oncogenes and downregulation of four tumor suppressor genes including versican and CD9 were confirmed by quantitative reverse transcriptional PCR. Immunohistochemistry in 117 GIST revealed that protein levels of versican and CD9 were higher and lower, respectively, in metastatic GIST. High expression of versican and low expression of CD9 in 104 primary gastric GIST correlated with poor disease-free survival (P = 0.0078 and P = 0.0018). In addition to the c-kit gene mutation, genetic or epigenetic changes other than c-kit play important roles in the metastatic process. In particular, versican and CD9 are potential prognostic markers in gastric GIST. (Cancer Sci 2011; 102: 883-889) 
G
astrointestinal stromal tumor (GIST) is the most common mesenchymal tumor of the gastrointestinal tract. The main cause of GIST is gain-of-function mutations in the c-kit gene in the interstitial cells of Cajal. Most of these mutations are located in exon 11 that encodes the KIT receptor juxtamembrane domain, while others are located in exons 9, 13 and 17.
( [1] [2] [3] [4] In a small subset of GIST without c-kit mutations, alternative oncogenic activating mutations (e.g., in exons 12 and 18 of the platelet-derived growth factor receptor [PDGRFA] gene) may be involved. (5, 6) An orally bioactive tyrosine kinase inhibitor (TKI), imatinib mesylate (Glivec, Gleevec; Novartis, Basel, Switzerland), has been shown to inhibit KIT and PDGFR. (7) The safety and efficacy of imatinib treatment in patients with metastatic GIST has been confirmed by the results of phase I ⁄ II trials. (8, 9) Although the benefit of adjuvant imatinib in patients with high-risk GIST has been reported, (10) it is still controversial which risk classification or biological markers should be used for patient selection. Furthermore, late resistance to imatinib has been observed in most patients with recurrent or metastatic GIST, and a high incidence of adverse events due to imatinib has also been reported. (11) (12) (13) (14) In the era of TKI, identifying novel biological markers appears to be important not only in patient selection for adjuvant imatinib therapy, but also in developing novel therapeutic targets that can be effective for the treatment of imatinibresistant GIST.
Although a relationship between c-kit and PDGFRA mutations and clinical outcomes has been reported, (15) (16) (17) other genetic as well as epigenetic changes may enhance the malignant potential of GIST and therefore affect patients' prognosis. In 40-90% of patients, postoperative recurrence or metastasis is often observed after surgical resection and is associated with poor prognosis. (18, 19) Therefore, it would be beneficial to determine the difference between primary and metastatic GIST so that the patients' prognosis can be predicted and novel molecular target therapies can be developed. In earlier papers, we compared primary gastric and metastatic liver GIST immunohistochemically and genetically, and reported that the loss of heterozygosity of the c-kit gene or the loss of chromosome 4q could be responsible for GIST liver metastasis. (20, 21) Other chromosomal changes, such as the loss of 1p, 10, 14q, 15q or 22q and gene amplifications of 1q, 5, 8q, 17q or 20 in conjunction with c-kit alteration, have also been reported in metastatic GIST. (22) (23) (24) (25) (26) (27) However, it remains unclear how the loss and gain of these chromosomal sites enhances the malignant potential of gastric GIST, and whether upregulation of oncogenes or downregulation of tumor suppressor genes is involved. Therefore, we have used microarray analysis to identify genes involved in the GIST metastatic process and prognostic markers of gastric GIST patients. through 3.0% agarose gels containing ethidium bromide. Each band was excised from the gel and extracted. Direct sequencing of the DNA extracted from the gel was carried out as previously described. (20) Microarray analysis. Total RNA was extracted from frozen GIST using the RNeasy Mini kit (Qiagen, Valencia, CA, USA). The intensity and quantity of total RNA was assessed with a Nanodrop ND-1000 spectrophotometer (Nanodrop Technologies, Wilmington, DE, USA). The expression profile of primary GIST and metastatic liver GIST was determined using the Affymetrix oligonucleotide microarray (Human Gene 1.0 ST) according to the manufacturer's protocol. Data were analyzed using the GeneSpringGX11 software (Agilent, Santa Clara, CA, USA). Hierarchical clustering analysis and gene ontology analysis were performed with at least a twofold change and P value scores of <0.05.
Quantitative reverse transcription PCR. Total RNA was extracted as described above and reverse transcription was performed using the PrimeScript RT reagent kit (Takara Bio, Shiga, Japan). The resulting cDNA was amplified by real-time PCR using the Real Time System (Takara Bio) and SYBR Green PCR Mastermix (Takara Bio). The primer sequences and annealing temperatures used are shown in Table S1 . Relative expression levels of each mRNA were normalized to glyceraldehydes 3-phosphate dehydrogenase.
Immunohistochemical analysis. To determine protein expressions, we performed immunohistochemical staining using 4-lm sections of formalin-fixed paraffin-embedded tissues obtained from surgical specimens. Rabbit polyclonal antibodies against human versican (Sigma, Milwaukee, WI, USA) and CD9 (Abcam, Cambridge, MA, USA) were used. Tumor sections were deparaffinized with successive xylene and ethanol treatment, as well as rehydration. Antigen retrieval was conducted by heating the samples at 90°C for 40 min in 10 mM sodium citrate (pH 6.0). Endogenous peroxidase was blocked by incubation in 3% hydrogen peroxide for 30 min. Sections were washed in PBS and then incubated with the primary antibodies, antiversican (1:30 dilution) and anti-CD9 (1:100 dilution) at 4°C overnight. Sections were incubated with peroxidase-labeled polymer Histofine Simple Stain MAX PO (Nichirei, Tokyo, Japan) for 30 min. Signals were developed using 3, 3¢-diamonobenzidine (Nichirei) and counterstained with hematoxylin for 1 min. Dehydration was performed following a standard procedure. We used thyroid and corpus uteri as positive controls, and liver and pancreas as negative controls for versican. Similarly, we used kidney and lung as positive controls, and lymph node and liver as negative controls for CD9. To rule out nonspecific immunoreactions, sections were incubated with secondary antibodies without primary antibodies. The specificity of CD9 antibody was tested by serial dilution and an absorption test. Versican staining was analyzed using Scion Image software. The number of pixels in the versican-positive area and the total pixels for the whole image were counted. The dimension of the versican-positive area was quantified by dividing the versicanpositive pixels by the total pixels. We measured the versicanpositive dimensions in five or more randomly selected ·200 high-power fields (HPF), and calculated the mean dimension. CD9 immunoreactivity was evaluated independently by three board-certified pathologists with no knowledge of the clinical data. The staining intensity of CD9 was scored as 0 (none), 1+ (weak), 2+ (moderate) or 3+ (strong). When heterogeneity was seen, the evaluation was made in the predominant area. Scores of 0 and 1+ were defined as CD9-negative and scores of 2+ and 3+ were defined as CD9-positive.
Statistical analysis. qRT-PCR data were analyzed by the Student's t-test, and P values <0.05 were considered statistically significant. Correlation between versican expression and risk grade was analyzed by two-way ANOVA with the Bonferroni post hoc test. Patients' disease-free survival (DFS) rates were calculated using the Kaplan-Meier method, and statistically significant differences in DFS were identified using the log-rank test.
Results
Microarray analysis of primary gastric and metastatic liver GIST. To identify the upregulated and downregulated genes in the metastatic liver GIST, microarray analyses were performed using RNA extracted from three primary gastric GIST without synchronous or metachronous metastasis, and from four metastatic liver tumors that originated from gastric GIST. Patient profiles are shown in Table 1 . Of 28 869 genes analyzed, 311 genes were differentially expressed between primary and metastatic liver GIST by at least twofold and with P values <0.05 (Fig. 1A , Table S2 ). When compared with the primary gastric GIST, 165 genes were upregulated and 146 genes were downregulated in metastatic liver GIST. Gene ontology analysis further revealed that the majority of genes altered in the metastatic process were involved in protein binding, cell division, cell cycle, cellular organization and other biological process (Table S3) .
Quantitative reverse transcription-PCR. To confirm the microarray data, quantitative reverse transcription PCR (qRT-PCR) was performed using cDNA synthesized from the RNA used in the microarray analysis. Of the 311 genes for which the expression differed between primary and metastatic GIST, we focused on 11 genes based on their loci and their oncogenic or tumor suppressive functions as reported in other malignancies. Of the 11 genes analyzed, the expression levels of five genes, inhibitor of DNA binding 2 (ID2), interleukin 1 receptor 1 (IL1R1), low density lipoprotein receptor (LDLR), versican (VCAN) and aurora kinase A (AURKA) were significantly higher, while four genes, protocadherin10 (PCDH10), CD9, neuronal cell adhesion molecule (NRCAM) and cadherin (CDH8) were lower in metastatic liver GIST (Fig. 1B) . Clinicopathological findings of 117 gastric GIST. Of the nine genes confirmed by qRT-PCR to be upregulated or downregulated in metastatic liver GIST, we selected CD9 and versican for further study, because of their reported important roles in regulating tumor metastasis. (28) (29) (30) The CD9 and versican proteins were stained immunohistochemically in 104 primary gastric GIST and 13 metastatic liver GIST originating from gastric GIST. While mitosis was significantly higher in metastatic liver GIST, there was no significant difference between primary and metastatic GIST that was related to the sex and age of the patient (Table 2) . According to Miettinen's risk classification for GIST, (31) 11, 40, 11, 22 and 20 primary GIST were classified into none, very low risk, low-risk, moderate-risk and high-risk groups, respectively. Immunohistochemical analysis revealed that the Ki-67 labeling index was higher in metastatic liver GIST compared with primary gastric GIST. It is important to note that none of the patients had received imatinib before surgery as an adjuvant therapy.
Immunohistochemistry of versican and CD9 in 117 gastric GIST. Versican in the extracellular matrix has been reported to recruit myeloid-derived inflammatory cells and to enhance the metastatic potential of Lewis lung cell carcinoma. (28) We stained 117 gastric GIST samples (104 primary and 13 metastatic liver GIST) for versican ( Fig. S1 ) and measured positive dimensions in five or more randomly selected HPF (·200). Compared with primary gastric GIST, metastatic liver GIST had higher immunoreactivity to versican (P < 0.001, Table 2 and Fig. 2A ). Among primary gastric GIST, the ratio of the versican-positive area was significantly higher in high-risk GIST compared with none, very low or low-risk and moderate-risk GIST. These findings suggest that versican plays an important role in the metastatic transformation of GIST and could be used as a prognostic marker of gastric GIST to predict the prognosis of patients with the tumors.
As the mRNA levels of CD9 between primary and metastatic liver GIST were the most significantly different of all the genes that we studied (Fig. 1B) , we further analyzed CD9 protein levels by immunohistochemistry. We classified staining strength against CD9 into two groups: negative (no staining or weak staining); and positive (moderate to strong staining), as shown in Figure S2 . Interestingly, high risk GIST and metastatic GIST showed relatively weak immunoreactivity to CD9 (Fig. 2B) . These data suggest that downregulation of CD9 in primary GIST could be responsible for the tumor acquiring malignant potential, resulting in a high incidence of recurrent GIST in which CD9 is further suppressed.
Versican and CD9 expressions in primary gastric GIST and disease-free survival. Of the 104 patients with gastric GIST, 16 recurred after primary resection during a median follow up of 16 months. The 5-year disease-free survival (DFS) rate for all the patients was 85.6%. To clarify the factors that might predict postoperative prognosis in patients with gastric GIST, the relationships between the clinicopathological findings of the primary GIST and patients' DFS after surgery were evaluated using univariate analysis. Consistent with previous reports, large tumor size, high mitotic index and high-risk classification were significantly associated with poor DFS (Table 3 ). In addition, patients with a versican-positive dimension >10% (versicanhigh) had significantly shorter DFS than patients with £10% (versican-low) GIST (P = 0.0078, Table 3 and Fig. 3A ). Furthermore, patients with a CD9-positive tumor had significantly longer DFS compared with patients with CD9-negative GIST (P = 0.0018, Table 3 and Fig. 3B ). These data suggest that the expression of versican and CD9 in primary GIST may identify them as novel prognostic markers in patients with gastric GIST.
Versican and CD9 in intestinal GIST. We stained 36 intestinal GIST (29 primary and seven metastatic liver GIST) for versican and CD9. As shown in Table S4 , the expression of CD9 but not of versican or other clinicopathological factors differed between primary and metastatic liver GIST. Interestingly, CD9 expression in primary intestinal GIST was not associated with patients' DFS, while versican expression positively correlated with poor DFS (Table S5 and Fig. S3 ). These findings indicate that the expression pattern of CD9 and its roles in the metastatic process could be dependent on the primary site or tumor microenvironments.
Discussion
Risk classification of GIST on the basis of tumor size, tumor site and mitosis is the most valuable criteria for predicting outcome. (31, 32) However, it does not reflect the mechanism of acquiring GIST malignant potential. Until now, the genetic or epigenetic mechanisms underlying malignant change and the GIST metastatic process are not well understood. In the present study, we show for the first time differences in gene expression between primary gastric GIST and metastatic liver GIST using microarray.
Microarray analysis detected 165 upregulated and 146 downregulated genes in the metastatic process. According to gene ontology, protein binding, cellular organization, cell division and cell cycle are significantly different between primary and The versicanpositive dimension was measured in five or more random ·200 high-power fields, and the mean dimension was calculated. Compared with primary GIST, metastatic GIST had a significantly higher ratio of versican-positive area. Among primary gastric GIST, the ratio of versicanpositive area was significantly higher in high-risk GIST compared with none, very low or low-risk and moderate-risk GIST. (B) Correlation between CD9 staining and risk classification of GIST. Staining intensity of CD9 was scored as negative (no staining or weak staining) or positive (moderate to strong staining). High-risk GIST and metastatic GIST show relatively weaker immunoreactivity to CD9. metastatic liver GIST (Table S3) . Because the Ki-67 labeling index has been widely used as a relevant marker of cell proliferation, (17) we chose to focus on the cellular organization and biological process rather than on cell cycle.
We first selected cell adhesion molecules, downregulation of which is known to correlate with progression and metastasis in some malignancies. (33, 34) Neuronal cell adhesion molecule (NRCAM) is a member of the immunoglobulin super family and is involved in the pathogenesis and invasive ⁄ metastatic behavior of pancreatic cancers. (34) PCDH10 and CDH8 belong to the cadherin super family. (35) Among them, PCDH10 is a tumor suppressor gene located on chromosome 4q. It has been reported that in gastric and cervical cancers PCDH10 is silenced or downregulated due to hypermethylation. (36, 37) Furthermore, PCDH10 has been shown to inhibit cell proliferation, induce apoptosis and repress tumor invasion. (36) The downregulation of PCDH10 in metastatic liver may partially explain how the loss of heterozygosity of the c-kit gene or the loss of chromosome 4q was associated with liver metastasis of gastric GIST. (20, 21) We failed to stain for PCDH10 and so whether or not the PCDH10 protein is suppressed in metastatic liver GIST remains unelucidated. The qRT-PCR analysis showed that mRNA expression of CD9 was most significantly suppressed in metastatic liver GIST. CD9 is a member of the tetraspanin family. Tetraspanin crosses the membrane four times and interacts with other tetraspanins and with a variety of transmembrane proteins, such as integrin. (30) Tetraspanin is also known to be associated with some growth factors, and therefore takes part in a wide variety of cellular functions. Although converse functions were also reported in some tumors, downregulation of CD9 correlates with tumor progression or metastasis in bladder, breast, lung and colon cancers. (30) In the present study, CD9 staining in gastric GIST was negatively correlated with the high-risk grade and with poor DFS, suggesting that the cell-adhesion molecule is downregulated during malignant transformation in gastric GIST, resulting in the high incidence of metastasis and recurrence. In contrast, CD9 expression in intestinal GIST was not associated with patients' DFS. CD9 expression has been shown to differ in different organs (30) indicating that the role of CD9 in the regulation of GIST metastasis may be organ dependent.
Next we selected prometastatic genes that were reported in other malignancies. Upregulation of ID2, AURKA and bone morphogenetic protein 4 (BMP4) promotes cell migration and correlates with tumor metastasis. (38) (39) (40) (41) (42) Interleukin-1 (IL-1) has been shown to be produced by a variety of tumor cells leading to the induction of many genes, such as MMP, VEGF, bFGF and IL-8, which play important roles in tumor metastasis. (43) IL-1R1 is a main signaling receptor for IL-1. A family of LDLR is reported to promote cancer cell migration and invasion. (44) The versican gene is located on chromosome 5q12 and the protein is a member of the extracellular matrix proteoglycan. Many studies have demonstrated that versican regulates many cellular processes including adhesion, proliferation, apoptosis, migration and invasion. Elevated levels of versican have been found in many malignancies, such as osteosarcoma, breast, prostate, colon, lung, pancreatic and other cancers. (29) In addition, upregulation of versican correlates with poor prognosis. Recently, Kim et al. reported that versican activated macrophage through toll-like receptor 2 (TLR2) and its co-receptors TLR6 and CD14. (28) Activation of TLR2 in macrophage results in induction and secretion of tumor necrosis factor (TNF)-a and strongly enhances Lewis lung cell carcinoma metastasis. (28) In the present study, upregulation of versican (>10%) in primary gastric GIST was associated with a high incidence of recurrence ( Fig. 2B , P = 0.0078). However, it remains to be analyzed whether versican expressed in GIST cells activates macrophage to enhance liver metastasis via induction of TNF-a.
To date, the propensity of GIST to acquire malignant potential has been investigated by several tools. In microsatellite analysis, deletion of Hox11L1 resulted in poor prognosis. (45) Others showed that loss of heterozygosity of p16INK4A and the p14 alternate reading frame (ARF) may contribute to progression and ⁄ or malignant transformation of GIST. (25, 46) Yamaguchi et al. reported that microarray analysis in 32 primary GIST resulted in two major groups, and that the CD26 protein correlated with poor overall and disease-free survival. (47) By 2-D difference gel electrophoresis, Suehara and coworkers showed that pfetin distinguished good and poor GIST outcomes, although its role in malignant transformation has not been elucidated. (48) In most previous reports, primary GIST were utilized to reveal potential prognostic markers. In this study, we have identified differences between primary gastric and metastatic liver GIST using microarray. Our data may reflect the biological changes in the metastatic process of gastric GIST.
Although the activating mutation of the c-kit gene is the main cause of GIST, a high incidence of small GIST, known as occult or incidental GIST, which carry a mutation in the c-kit gene, have recently been reported by several groups. (49, 50) Therefore, it appears that the incidence of GIST is frequent and that substantial genetic changes other than in the c-kit gene are necessary for the development of clinical GIST. As a part of such mechanisms, the loss of chromosome 14q and 22q has been reported in primary GIST. (23, 26, 51, 52) These chromosomal alterations seen in the early stage of GIST could be involved in the development of clinical GIST.
Taken together, there appears to be at least three steps in the development of metastatic GIST. First, the gain-of-function mutations in the c-kit or PDGFRA gene occur in the interstitial cells of Cajal, resulting in the occurrence of small GIST as nonclinical GIST or as small submucosal tumors. Second, epigenetic changes occur in the small GIST that include chromosomal alterations such as loss of 14q and 22q, and result in the development of clinical GIST that generally needs to be resected. Third, genetic or epigenetic changes occur in oncogenes and tumor suppressor genes that cause malignant transformation and metastasis of the GIST. In particular, alterations of the extracellular matrix, interactions with inflammatory cells and the downregulation of adhesion molecules, such as versican and CD9, appear to play important roles in the regulation of metastasis.
Genetic changes other than c-kit or PDGFRA mutations may be responsible for GIST acquiring malignant potential. Until now, molecular targeted therapies for GIST have been designed for KIT receptors. However, these therapies against KIT are cytostatic and even though they responded to the initial therapy, GIST are known to relapse due to the acquisition of a second c-kit mutation. (11) (12) (13) (14) Alternative therapies, other than targeting KIT, are required to overcome these second mutations. Cellular proteins such as CD26, pfetin and versican could be novel therapeutic targets. Clearly, further basic and clinical studies of these proteins are required.
In conclusion, genetic or epigenetic changes involved in the regulation of adhesion molecules, inflammatory cells and by default of tumor microenvironments play important roles in the metastatic process of gastric GIST. In particular, versican and CD9 could be potential prognostic markers of gastric GIST and may serve as novel therapeutic targets of GIST.
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